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Abstract. In this paper. the modelling of and research into the vibrations of a truck crane
are considered. The finite element method, using a COSMOS/M package. was applied to
build the model and an analytical method was used to build a discrete-continuous model of
the crane. The research concerns changes in the frequency of vibrations for flexural vibra-
tiohs in the telescopic extension arm in the lifting plane. Diagrams containing changes in the
frequency of vibrations for chosen values of the geometrical parameters and the load are
presented as the solution results to the vibration problem of the tested system. Conclusions
are also drawn and their implications discussed.

Introduction

The problem of modelling the dynamics of a truck crane is a complex problem
which requires the lollowing lactors 1o be taken into account in the building ol the
maodel: the fundamental and additional units ol the crance as well as, the system of
the majority of the forces and masses loaded in the systems. The above mentioned
problems have been considered in many works.

In 2005, Posiadala wrote a monograph on the modelling of and research into
the dynamics of a self-propelled truck crane. The free and parametric vibrations of
the system of changes in the cranc radius ol a DUT (203 cranc was analysed by
Sochacki and Tomski [2|. The free vibrations of a laboratory model of a truck
crane were analysed by Sochacki in [3]. In |4], Towarek conducted investigations
into the influence of a (lexible soil foundation on the stability ol a crane boom
during its rotation. Research into the stability of a truck crane during the realisa-
tion of different strategies for the control of operational motions was performed by
Klosinski and Janusz in [5]. Sun and Klecherger in [6] analysed the influence of
control and forced systems on the dynamics of a self-propelled crane. In his habili-
tation thesis, Maczynski [7] presented methods of control of rotation for offshore
Lype cranes to minimise final oscillations of the load. Trombski and Towarck in [8.
9] analysed the influence of foundation rheology on the dynamics of a crane. The
vibrations of a truck cranc were analysed by Jedlinski in [10].
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The construction of the units and research into the dynamics of a chassis frame
were presented in earlier works about MES modelling [11, 12]. Later works con-
sidered the influence of the remaining units of the truck crane, including the influ-
ence of the crane boom, on the free vibrations of the crane |1, 2].

Models resulting Irom the assumption of two methods of modelling the dyna-
mic¢ systems are presented in this paper. Among them are: a discrete model built
applying MES, and a thearetically worked out discrete-continuous model.

‘T'he proposed models consist of coupled elements of the crane. The following ele-

ments were taken into account in the models:

— chassis Irame, which is the basic lifting clement ol the crane, resting on four
cxlended stays based on a foundation

— rotational frame (body), performing rotational movement towards vertical axis
(movement in rotational plane)

— crane boom, rotationally mounted in body, performing movement towards
vertical axis (lifting plane) and movement of reciprocal extension of units
(telescopic mavement)

‘The frequency of vibrations of the tested systems in relation to the angle of crane
boom lifting, length of the crane boom, load mass and the length of its suspension
for MES and discrete-continuous (analytical) models are presented as the results of
comparative studies. Additionally, the form of vibrations corresponding to the
tested basic frequency of transverse vibrations of the crane boom in the plane of its
lifting was intraduced for the MES maodel.

1. MES model of a crane

The main units of a DST-0285 crane, in the form of a chassis frame, a body
frame and the crance boom were designed and made in the “Bumar-Fablok™ Factory
of Building Machinery and Locomotives in Chrzanow.

Geometrical models were worked out on the basis of available constructional-
technical documentation of the chassis {rame and of the remaining units and cle-
ments. Construction of all the main parts in the form ol the main sheets, mem-
branes, webs, ribs, beams and the other essential elements of the construction was
considered in the modelling of specificd units.

The aim of the performed modelling was to obtain crane models making re-
scarch possible with respect ta determination of the frequency and vibrations of
a cranc boom for its different confligurations.

The elasticity of the support of the crane jib (servo-motor of change in crane
radius) and clasticity of the support of the frame (servo-motors of stays) were con-
sidered in the model. The elasticity of the liquid in the servo-motor of the support
for the crane jib was also taken into account. This elasticity depends on the value
of the lifting angle of the crane boom.
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All the geometric measurements and properties of the applied elements of the built
models were introduced into the program lile in a parametrical way determining at
first the parameter and later its value. Therefore with a chunge in the geometrical
dimensions of the frame and crane jib elements, consecutive research is possible
on the basis ol the same model by altering only its parameters.

‘I'he load in the form of a mass element, placed on an elastic linear element, which
is fixed to the last feeding member, 1s considered in the model. The majority of
masses of crane elements, including the masses of the engine, cabins, hoisting
winches, suspensions, servo-motors and the like, is also taken into account.

The model of the system consisting of the connected chassis [rame, body frame
and the crane boom of a truck crane, is presented in Figure 1.

2. Discrete-continuous model of a crane

Modelling should fulfil two basic aims. At first, it should represent the object
and its behaviour in the simplest form. On the other hand, the results obtained on
the basis of the model should represent object features in the way closest to reality.

Considering the above mentioned aims ol modelling, an analytical model (dis-
crete-continuous) of the crane was worked out. The necessity ol this type of mod-
elling results from the basic premise, which is the computation speed (analysis) of
the object behaviour for its changeable parameters.

Fig. 2. Diserete-continuows model of erane
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Morcover, this method ot modelling does not need developed computing systems
using MES and makes it casicr to introduce changes and adaptations to systems of’
similar structure. The constructed discrete-continuous model of the crane (Fig. 2)
fully corresponds to the real system.

Therefore the mass of the load hung on the line, the real geometry of the sys-
tem, equivalent masses taking into account: the masses ol the boom clements, mass
ol the hoisting winch and counterweight, were considered. The mass ol the boom
head and equivalent mass of the whole crane brought to the rotation axis for
the crane were also considered. Moreover, the equivalent rigidity of the boom
(considering the specific case of parted elements of the boom brought to the rigidi-
ty of beams modelling the tested system), elasticity of the servo-motor of change in
the crane radius, elasticity ol the linear system and clasticity of the stays were tak-
cn into account.

During building the model, the following simplifications were assumed:

—  beams of the system are Bernoulli-Euler's beams

— chassis frame of the crane is inelastic

— spring modelling replacing elasticity ol supports is applied at fixing place of
the boom in the rotating {rame

— mass modelling chassis part of crane with rotating frame is replaced only ver-
tically in the lifting plane of the boom

The problem of system vibrations is formulated using Hamilton's principle

b‘j'(T—V)m=0 a1

i

Kinetic energy T is the sum of the kinetic energies of the crane elements modelled
by the beams and concentrated masses in the system:

o P e R L
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where:

£ - density of beam material

A; - cross-sectional arca ol abcam,i=1,2. 3

M), - cquivalent mass modelling masses of hoisting winch and counterweight

M, - equivalent mass modelling mass of piston rod of servo-motor of change in
cranc radius

M; - equivalent mass modelling mass of crane chassis

M, - mass of roller slope

m - mass ol the load

1 -time
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Total potential energy V of the system is the sum of the energies of the internal
lorces and work ol the external forces and is cqual to:

sk [ow, l ath)
VzZEéE"J{T Z Fra ek

o (6 + )X )0 260, (1) X, ()oosfi+ &, X, (7 + 3)

k(X (1) -w (L ,0)003(1]:]

where: P =mgsinee. B =mgsing-Pcosd, P=k x,, f=90°-(a+3),

E; - Young's modulus of beam material
J; - moment of inertia of beam intersection, i =1, 2, 3
k. - replacing coefficient of elasticity modelling elasticity of stays
kr - coefficient of elasticity modelling elasticity of liquid in servo-motor of change
in outreach

The substitution of (2) and (3) into (1), alter adequate transformations, leads to
equations of motion. The geometric boundary conditions when introduced into
equation (1) with the consideration of equations (2) and (3) give supplementary
natural boundary conditions. After the separation of variables into the equations of
motion and into boundary conditions by substitution:

W, (.= w (i Jeos(ax), (i=123) (4
and X;(1)=x;cos(an}, (i =4.5.6) (5)
the following equations ol motion have been obtained:
E 7 w!v (.x,. )+ P,.w,." (xi)—;)i A (‘:)zwl. (x,. )= 0, (=123 (6)
The geometrical boundary conditions and continuous conditions are as follows:

w(0)cosar = x
LY (/1 )= W:(O)

w (0)cos & = x, +x, cosasin &

wy (1) =w, (0)::_' 7
|

My (0}= W:(U)COS )

wy (1 )Jeosor = v cos

w (1) = wi (0)
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‘I'he natural boundary conditions were obtained in the form of:
wi(0)=0, w?(1,}=0, wi(0)=0, w0,) =0, EJ,w""(i)= E,J ,w¥(0)
LEJ,wi™ (0)+ Buw! (0)+ &’M , w (0)cosar+ M + @’ xs —kx;=0
E w0+ Bl )= Esdowd (0)— B (0)+ M 07w, (0)— £,y sin =0 (8)
Ey Low LY+ Bwi(h)+ Mo (L) - mye’ yeos5=0
M“,«a):.r5 - X (Akjcosﬂ +k, )— 2k, xseosfi=0
ma@ x, — k[ 2w,(l, Jeosar — x, ] = 0

'T'he solution to equation (6) is the function:

w(x) =G, ('hl X+ Cis \h; X; +C;(.0sl X +Cy ﬂln[— X; . )

i { i {

where: C;+Ciy — constlants,

ki ! Bl By hi

J,. 2 4
» i
where: =’ 2L, g7 = . {;- the length of the i-th beam. /i =1, 2, 3.
EJ. E,J,.

The solution to the boundary problem leads a uniform system of equation to-
wards unknown constants Cy (i =1.2. 3. k=1, 2..4) and x, (n = 4. 5, 6). This sys-
tem in a matrix form can be written as:
lcot{C,.x,}=0 (10)

l" ¥

If the eigenvalues of matrix |« | are found, the frequency of vibrations of the

iy
considered system can be determined.

3. Results of computations
The changes in frequency of the vibrations for the chosen values of geometrical

parameiers and load are presented as the results of the solution to the problem of
vibrations ol the considered system.
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Comparative analysis of the research results on the basis of the two models pre-
sented in the paper allows the following conclusions to be drawn:

— good agreement between changes in the vibrational frequency of the system
with a changeable value of load and length of the boom (Figs. 4 and 5) was ob-
tained, agreement in the results concerns bath the valucs of the obtained vibra-
tional frequency as well as the character of their changes

— in the case ol research into the influence ol the boom length and the angle of
its inclination (Figs 6 and 7), agreement in the character of changes in vibra-
tional frequency and their values above a boom length equal to /, = 15 m was
obtained. Similar vibrational frequencies with slightly different characters of
their changes were abtained for smaller lengths ol the boom

— agreement in the obtained results indicates the correctness of the built models.

Verilication ol the built models will be possible afler carrying out experimental

research on the real object (on a crane).

Acknowledgements

This research was supported by the Ministry of Science and Higher Education
in 2011, Warsaw., Poland (BS).

References

|1l Posiadala B.. Modclowanic identyfikacja modeli i badania dynamiki Zurawi samojezdnych.
WNT. Warszawa 2003 (in Polish).

12] Sochacki W.. Tomski .. Free and parametric vibration of the system: telescopic boom-
hydraulic eylinder changing the erane radius, The Archive of Mechanical Enginccring 1999,
XLVL 3.257-271.

13]  Sochacki W., Drgania modelu lahoratoryjnego zurawia, Systems 2003, 8, 471-479 (in Polish).

4] Towarck 7., The dynamic stability of a crane standing on soil during rotation of the hoom,
International Journal of Mechanical Sciences 1998, 40(6). 357-574.

151 Klosinski L. Janusz 1., Model matematyezny zurawia samojezdnego przeznaczony do badania
jego statecznosel dynamicznej. Prace Naukowe Instytutu Konstrukeji 1 Eksploatacji Maszyn
Politechniki Wroclawskiej. Nr 83, Konlerencje 2002, 25, 239-244 (in Polish).

16]  Sun G, Kleeberger M., Dynamie response of hydraulic mobile erane with consideration of the
drive system, Mechanism and Machine Theory 20003, 38, 1489- 1508,

[71 Maczynski A.. Pozycjonowanie i stabilizacja polozenia ladunku zurawi wysiegnikowych. AT-H
w Biclsku Bialej. Rozprawy nankowe 2005, 14 {in Polish).

[8]1 Geisler T.. Posiadada B.. Analiza drgan swobodnych ramy podwozia zurawia samojezdnego.
SYSTEMS - Journal of Transdisciplinary Systems Science. VI Migdzynarodowa Konlferencja
Naukowa Computer Aided Engineering”™, Vol. 7(1), Polanica Zdraj 2002, 199-2035 (in Polish).

[91 Towwek Z.. Trombski M.. Analiza dynamiczna modelu zurawia posadowionego na podatnym
podlozu. ZN PL Filii w Bielsku-Bialej 1993, 14, 21-33 iin Polish).

[10] Trombski M., Towarck 7.. Analiza wplywa reologii podloza na dynamike maszyny roboczcj
w czasie podnoszenia ladunku. Materialy VI Konferencji Naukowej . Probleny rozwoju maszyn
roboezych™. Zakopane 1993, 237-244 (in Polish).



60

T. Geisler. W. Sochacki

Y

2]

[13]

Jedlinski W.. Analiza drgan 7urawia samochodowego. Rozprawy Inzynierskie 1986. 34. 81-96.
(1n Polish)

Geisler 1. Badania wplywu obelgzenia na drgania ramy podwozia zurawiy sumochodowego, X1
Migdzynarodowe Sympozjum Dynamiki Konstrukcji. Rzeszéw Adlaméw. Zeszyty Naukowe
Politechniki Reeszowskiey 2002, nr 197, Mechanika. z. 60, 197-204 (in Polish).

Geisler T, Analiza drgaf swobodnych ukladu nosnego zurawia samochodowega DST-0285
7 uwzglednieniem zmiany kontiguracji ukladu. Acta Mechanica et Automatica 2010, 4. 1 (in
Polish).

COSMOS/M User Guide. Version 1.75. Stuuctural Research and Analysis Corporation. Loy
Angeles 1995,

Rusiiski E.. Meloda  elemenidow  skonczonveh,  System COSMOSAML Wydawnictwa
Komunikacji 1 Fgcznosei. Warszawa 1994 (in Palish).



